cupied by a call and the instant it is released by either completion of the call or a cell boundary crossing by the portable, whichever is less. This is a function of parameters such as the cell radius R(km), the portable speed V(km/hr), the direction of the portable, etc.
The call duration time TM is assumed to be exponentially distributed with the mean &. When the velocity of a portable is constant in a cell and the direction of travel is uniformly distributed, a portable originating a new (handoff) call resides in a cell for time T,(Th), with the following probability density Table 1: Comparison with 
The channel holding times of a new call and handoff call are given by:
TH, = min(T~,T,), T H h = min(T~,Th) (3)
(handoff call) arrival rate and PB,(PB~) represents new call (handoff call) blocking probability.
From Table 1 
3 System Modeling
Stochastic Reward Nets
Petri net based models have been extensively used for the performance modeling of computer and comk=O k=O (4) , where PN = P, . (T' > T,), PH = P,(TM > Th).
Approximating Channel Holding Time
munication systems [8] . Am%ng the Petri net based models. we consider Stochastic Reward Nets (SRNs). Since the SRN model allows only the exponential service time distributions, we approximate the channel holding time distribution using the phase type approach. The basic idea in this approach is to replace a non-exponential distribution in a model by a set of states and transitions between those states such that the holding time in each state is exponentially distributed. The main advantage is that the approach is conceptually simple and the entire range of CTMC solution methods is applicable. Its main drawbacks are the increase in state space, fitting a non-exponential distribution to a set of exponential phases and the inaccuracy of fit. One way of fitting is the moment matching method using the first, second and the third moments of channel holding times and those of the hypoexponential distribution. We obtain the moments of TH by numerical integration. The rates of three stages in the hypoexponential distribution can be obtained by equating the numerical values with the first three moments of the hypoexponential distribution.
We compared the accuracy of the blocking probabilities under our approximation with those obtained by Hong's method [?I and with the simulation results [ll] . [9] provides support for specifying the SRN using a "C" like language and allows for the modeler to do steady state, transient,, cumulative transient, upto absorption and sensitivity analysis. A graphical user interface is now available [12] .
Performance Modeling

SRN model: exponential case
The four handoff methods can be easily modeled by This is indicated by the pound symbol, #, next to the transition.
SRN model: non-exponential case
In Figure 2 , the timed transitions with respective firing rates p1, p2, p3 represent the 3 stages of the hypoexponential distribution. They fire depending on the present service phase of the channel holding time. Four handoff methods can be represented using enabling functions for the transitions t-new and t-hoff instead of inhibitor arcs in SRNs as shown in Table 2 . #(P) represents number of tokens in place P. Enabling functions make transitions enabled based on some explicitly stated conditions and not just on distribution of tokens in input places.
Performability Modeling
We extend handoff model in Figure 2 to models in Figures 3 and 4 by adding failure transitions. When a portable enters a tunnel or a subway during the conversation, the radio channels in use can fail. We consider two policy choices for the controller. First is channel reassignment and call resume scheme. After the controller detects a channel failure, it reassigns a new channel by taking one from a channel pool and updates the status of the old failed channel as available. The failed call is resumed after channel reassignment. Channel reassignment consists in switching calls already in progress from channels that these calls are using to other channels. If there is no available channel, the channel reassignment can not be performed and the call is lost. If all the channels have failed in the channel pool, the system is down. Second policy is no resume scheme. In this scheme, the controller detects channel failure and updates the status of the failed channel after a certain delay. The failed call is then lost. We do not consider a failure of channel when it is not in use.
3.3.1
Channel reassignment and call resume Figure 3 This SRN model also uses a marking dependent firing rate in a similar fashion to Figure 3 . If channel fails, the token moves from que-chl (2,3) to p-fad. The token then waits in this place for the updating of channel status. After that, the channel is released and put back in the eh-pool. In this model, there is no absorbing marking and analysis of this model will yield system availability.
Numerical Results
For numerical solution of our models we use SPNP with the following input parameters. 0 the maximum number of available channels is N and fixed. We computed the performance measures with and without failures, which are blocking probabilities PB, and PBh for new and handoff calls, respectively, the rate at which calls are rejected, channel utilization, and system throughput. We then computed system reliability at time t and system availability at time 1. These measures are expressed in terms of the expected Figure   7 and 8 show PB,. Figure   9 shows rate of rejected calls and optimum vaules of h (We vary wh while fixing W', = 1).
The results channel utilization and throughput: These results are based on handoff Method 2 with h =2. As expected, the throughput without failure is higher than that with channel failure. The gap between two curves denotes the expected number of failed calls per hour, due to channel failure. Whenever the channel fails, the controller takes another channel and assigns it. This is the reason why the values of channel utilization with failure are higher than those without failure.
0 relzability: Figure 12 shows system reliability as a function of time. In order to cut down the size of 
Conclusion
In this paper, we showed how SRNs can be applied in the performability analysis of handoff calls in a cell. These models represented the channel utilization behavior of a cell. In modeling with SRNs, the assumption that the transition firing times have exponential distributions is a major constraint. Since the channel holding time follows general distribution, we solved this non-exponential model using phase approximation approach. Three parameters of a hypoexponential distribution were obtained by the moment matching method. We showed how SRN models can handle four handoff methods using multiple inhibitor arcs or enabling functions and compared their performance. Method 2 and 3 achieve a lower blocking probability for handoff calls than for new call attempts, thereby providing better service quality. This is mainly due to the use of reservation channels and queueing of handoff calls.
We extend the handoff performance model to performance in the presence of failure. These performability models show the reliability and availability of handoff calls in a cell. We also evaluated combined measures of performance and reliability.
